Abstract--The assembly behavior of the tick A rgas persicus Oken in response to guanine has been found to be humidity dependent. Nymphal and adult male A. persicus assemble on guanine-treated paper disks only at low relative humidities (25 + 5%). Exposure of the ticks to high relative humidities (85 ___ 5%) results in a gradual induction of a negative response to the pheromone.
INTRODUCTION
Three different categories of pheromones are involved in the chemical communication system of ticks: assembly pheromones, sex pheromones, and aggregation-attachment pheromones (Sonenshine et al., 1982; Sonenshine, 1985) . Of these, assembly pheromones are the most widely distributed, being associated with both argasid and ixodid ticks (Leahy et al., 1973 (Leahy et al., , 1975a Leahy, 1979; Graf, 1975; Treverrow et al., 1977; Uspensky and Emel'Yonova, 1980; Petney and Bull, 1981) . They are deposited on the tick's natural substratum off the host where, on contact, they arrest the ambulatory activity of wandering ticks, contributing to the formation of tight clusters of akinetic ticks. This behavior is believed to protect the species during stressful conditions of the nonparasitic phases of its existence and to improve its chances of finding its host when these return to their previous habitats under favorable conditions (Leahy, 1979) .
It has long been recognized that tick assembly pheromones are nonvolatile, insoluble in less polar solvents, and relatively stable in the environment (Leahy, 1975a) . A prominent feature is their relative lack of specificity, eliciting responses from different life stages of the same species as well as those of other species (Leahy et ah, 1975b; George, 1981; Petney and Bull, 1981) . It has been suggested that this phenomenon implies the operation of a common ancestral pheromone system retained by stabilizing selection for a behavior that has continued to play an important role in ensuring the survival of the species (Pethey and Bull, 1981) . The recent identification in our laboratory of guanine as the common assembly pheromone of both argasid and ixodid species supports this view (Otieno et al., 1985) .
The present work is based on a fortuitous observation of erratic responses of Argas persieus nymphs to guanine during a rainy period in Nairobi, Kenya.
Earlier, Hefnawy (unpublished, cited in Sonenshine et al., 1982) working with the ixodid Rhipicephalus appendiculatus, had observed that the assembly responses of the adults of this tick to filter papers treated with water extracts of nymphal and adult excreta were confined to periods of dry weather. Unfortunately, details of this work were not published. The possible ecological implications of these observations prompted us to examine the effects of extremes of humidity on the responses of A. persicus to the assembly pheromone under controlled conditions, and herein we describe the results obtained.
METHODS AND MATERIALS
Nymphal (mixed stage) and adult male Argas persicus were obtained from a colony at the Hebrew University in Jerusalem, Israel. As in our previous study (Otieno et al., 1985) , this species was used because its assembly response in bioassays is higher than those of other species (Leahy et al., 1975b; Leahy, 1979) . Guanine used for the experiments was obtained from Sigma Chemical Company (Sigma white crystals grade). Guanine solutions were prepared weekly by stirring 10-rag samples in 10 ml of double-distilled water for 16 hr at 22~ The sample was centrifuged at the same temperature and the supernatant containing 0.7 mg guanine/100 ml (Otieno et ah, 1985) was retained for bioassays.
A two-choice bioassay system was used to monitor the assembly responses of A. persicus. It comprised four 1.7-cm-diameter filter paper (Whatman No.
3) disks, two tests and two controls, arranged in diagonal pairs in a glass Petri dish (6 cm). These were placed on slide warmers (Fisher), incubated at 28~
and kept in the dark at 25 ___ 5 % or 80 + 5 % relative humidity. Humidities were controlled by ZnC12 and water, respectively, placed in a series of smaller dishes. Fifty microliters of guanine solution was applied using a syringe to each of the test disks, which were then allowed to dry in a stream of warm air before being placed in the Petri dish. The control disks were treated with double-distilled water only. Twelve A. persicus nymphs or adult males were placed in the center of the dish, and the assay system was left for 20-22 hr before counts of ticks assembled on treated and untreated disks were made. Each bioassay set comprised four replicates at the lower humidity and four at the higher humidity. At the end of each run, the ticks were returned to their storage containers, the Petri dishes thoroughly cleaned, and freshly treated paper disks were used for the next set of replicates. Assembly responses of ticks at the following physiological states were tested: (1) nymphal and adult male A. persicus from batches kept under ambient conditions for two to three weeks after moulting; (2) nymphal and adult male A. persicus from batches kept continuously either at 25 + 5% or 80 + 5% relative humidity at 28~ (3) nymphs from a freshly moulted batch assayed daily at the two humidities from the first day for 30 days. Table 1 gives the data (pooled from 18 replicates) representing the assembly responses of nymphs and male adults, three weeks after moults, to a choice of guanine-treated and control paper disks. Significant differences in assembly preference between treated and untreated disks are observed at the lower humidity for both stages of the ticks. At the higher relative humidity, the differences in assembly responses were not significant, although data from successive batches of 3-to 4-week-old ticks consistently suggested a possible avoidance reaction to guanine-treated disks. A second set of assays was carried out using a batch of ticks that had been kept at the higher humidity for a longer period (six weeks) to see if the guanine avoidance response could be accentuated. Table 2 , comprising assay data pooled from 22 replicates, summarizes the results obtained. Preferences for the untreated disks were significantly higher than for guanine-treated disks, clearly showing the development of a negative response to the pheromone. During the course of the present study, preliminary observations with several batches of freshly moulted A. persicus nymphs or adults suggested a different pattern of response at this physiological stage of the tick. Accordingly, the responses of several batches of nymphs were monitored daily from the first day after the moult to see if a consistent set of behavior is demonstrated at the two humidity levels. Table 3 illustrates the pattern of results obtained. Recently moulted nymphs were indifferent to choices of guanine-treated and untreated paper disks at lower relative humidities. At the higher relative humidity, the ticks showed a brief positive response to guanine, followed by a period of indifference before the induction of a negative response. Observation of a batch of nymphs for eight weeks showed that no further change in behavior takes place after the development of a positive response to guanine at the lower humidity and a negative response at higher humidity level. cNS, not significant at 0.05 probability level; *P < 0.05; **P < 0.001.
RESULTS

DISCUSSION
Several adaptive roles ascribed to the tick assembly pheromone have been the subject of debate in the literature (Leahy, 1979; George, 1981; Petney and Bull, 1981; Sonenshine, 1985; Otieno et al., 1985) . A concensus view is that the pheromone exerts a significant influence in arresting activity during times when the weather conditions outside the resting sites are unfavorable (low humidity, high temperature) and host animals are unlikely to be available, and this contributes to the formation of tight clusters to minimize water losses. In addition, it has been suggested that the pheromone functions to hold the ticks within the habitats to which the host animals return periodically, thus increasing the chances of encounter with their hosts (Leahy, 1979) . These views are consistent with the finding that a sustained positive response to guanine is associated with continued exposure of the ticks to low relative humidities. Moreover, the selection of a semiochemical that is nonvolatile, present in relatively large amounts, and environmentally persistent is most appropriate for long-term performance needed for such purposes. However, a chemical with such characteristics would also create a major problem: how to release the tick from its positive influence when the weather conditions improve. Our findings show clearly the development in A. persicus of a negative response to the semiochemical at the higher relative humidity. A similar trend was apparently observed by Hefnawy (unpublished, cited in Sonenshine et al., 1982) with R. appendiculatus, and it may turn out to be a general behavioral phenomenon among both the argasids and the ixodids, although the level of humidity at which the reversal in response takes place may vary from one species to another.
Recently moulted Argus persicus nymphs are largely indifferent to guanine (Table 3) , apart from a brief positive response at the high relative humidity. Thus, sensitivity of the tick to the purine appears to be influenced by the availability of metabolic water, which is likely to be relatively high in recently moulted ticks, and is consistent with the pheromone's role as an assembly stim• ulus when conservation of water becomes an important factor. The brief positive response to guanine at the high humidity (Table 3 , data for days 1-3) has been demonstrated by three different batches of recently moulted nymphs, but its significance, if any, is unclear.
To our knowledge, guanine represents the first example of a pheromone system that can play two opposite roles depending upon the environmental condition. The way this occurs is a matter of speculation. We suggest three alternative mechanisms: (1) at high humidity the pheromone may undergo a reversible change to a molecular species that elicits an avoidance response; (2) the information from the pheromone receptor, apparently present on the palpal tarsi (Leahy et al., 1975a) , is interpreted against a background of messages from humidity receptors (Sonenshine, 1963) and the final response of the organism depends upon a summation of the two; (3) the pheromone receptor protein is moisture sensitive and readily hydrates at elevated humidities to give a conformation that interacts in a different mode with guanine, resulting in differenf information to the central nervous system. The first alternative appears to be least likely. Water extracts of guanine-treated filter disks left within the bioassay system at low and high humidities gave identical UV spectra and highpressure liquid chromatograms. Moreover, solid-phase (KBr) IR spectra of samples of powdered guanine kept at low and high humidities were essentially identical, indicating that no significant shift in the equilibrium between N(7)H and N(9)H tautomers had occurred in the solid phase. In any case, the small free energy difference (-1 kcal/mol) between these tautomers (Pullman and Pullman, 1971 ) means that there would be a facile drift of the equilibrium position to the one most favored at the receptor site, irrespective of the initial position. In our view, one or the other of the remaining alternatives might be the mechanism by which guanine plays a dual semiochemical role. Carefully designed behavioral studies in conjunction with sensory physiological work would help shed some light on the question.
